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HOUSE DIMENSION TAKEOFF FORM 1

LOCATION OF HOUSE LATITUDE
SITE - FLAT OR SLOPING? IF SLOPING GIVE PERCENTAGE GRADE AND
DIRECTION COF SILOPE (10% = 1' rise in 10' & 5% = 0.5' in 10')
DEGREE DAYS HEATING PER YEAR INDOOR DESIGN TEMPERATURE
FLOOR AREA PERIMETER AVERAGE CEILING HEIGHT
WALL AREAS INSULATION TYPE AND THICKNESS R VALUE OF THE WALL
EAST
WEST
NORTH
SOUTH
DOORS: #1
#2
WINDOW AREA SINGLE, DOUELE, NIGHT INSULATION TYPE HOURS IN
TRIPLE GLAZING AND R VALUE PLACE AT NIGHT
EAST
WEST
NORTH
SCUTH
ROOF AREA ROOF INSULATION TYPE & THICKNESS
ROOF R VALUE I EARTH SHELTERED GIVE DEPTH OF DIRT
BELOW GRADE
Is there a basement? _ =~ If YES what is the height?
Specify insulation type and thickness R Value below grade
If slab on grade give exterior insulation specs
Exposed Perimeter R Value
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HOUSE DIMENSION TAKEOFF FORM 2

PASSIVE SOLAR SPECIFICATIONS

PASSIVE SOLAR TYPE WINDOW AREA LOCATION

1.

2.

3.

IF HOME 13 A DOUBLE SHELL PROVIDE THE FOLLOWING INFORMATION:
Interior wall area: North South Roof R Value
Exterior glazing area greenhouse Interior wall glazing area

Specify fans if used Specify type of night shutter

R Value of night shutters Location of shutters

IF A TROMBE WALL IS5 EMPLOYED IS THERE A SELECTIVE SURFACE?

IF A SUNSPACE IS USED WHAT WILL BE THE MINIMUM TEMPERATURE ALLOWED?

Describe location and type of glazing Glazing area
Specify night shutter type R value Hours in place
Sunspace floor area Describe mass (brick, water, etc.)

Glazing area between sunspace and house

Wall area and R value betwen sunspace and house

IS SOLAR DOMESTIC HOT WATER HEATING DESIRED? YES NO
ARE SOLAR COVENANTS IN FORCE? YES NO NOT APPLICABLE
ARE THERE LEGAL GUARANTEES TO SOLAR ACCESS? YES NO
BACKUP

BACKUP SYSTEM DESIRED (gas, electricity, oil, etc.)

COST OF FUEL (consult fuel dealer or utility)

WOOD STCVES TO BE USED? YES NG HOW MANY? LOCATION

HEATING CAPACITY (btuh)

FIREPLACES TO BE USED? YES NO HOW MANY? LOCATION

—_

HEATING CAPACITY )btuh}
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SKIN FORM

construction

(circle one ) wall window roof door diagram ( optional )

describe location

components thickness| R value
= = _'—""——-"—"=
outside air film

inside air film

Il

Rt=totai R vaiue
U =1/R51al

A =skKin area

|

I

Il

UA (U x A)btu/°F
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DESIGN HEAT LOSS FORM (DHL) 1

mo— b . t .
OT = Tindoor desired - “outdoor design temperature =

1.1 BSKIN LOSSES: UA PRODUCT {from skin form)

1. Walls

UANorth

U

Ageuth

UApast

UAWest

2. Windows

UA
North

U'r
nSouth

Cz
“East

UAWest

3. Roof UA

4, Doors UA

5. UA Total Sum of All Abgove

4T {from above) ¥

Total Skin Loss (btuh) =

1.2 AIR INFILTRATION LOSSES

Volume (Average ceiling height
X floor area)

o T X
ACH (from table 5.3} X
CONSTANT (.018) X .018

AIR INFILTRATION (btuh) = }
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DESIGN HEAT LOSS FORM (DHL) 2

1.3 BELOW GRADE & BASEMENT LOSSES

{(Choose one of below) (A or B)
A) BASEMENT:

WALLS: Perimeter

Sum of values from Table 5.4 b4
54 {(constant) X 54
Total basement wall loss =
walls
FLOOR: Floor Area
Table 5.5 wvalue x
54 (constant) x 54
Total basement floor losses _
floor
Total Basement Losses {add walls =
and floors)
1.3
B) SLABE ON GRADE:
Perimeter {(in feet)
Table 5.6 or 5.7 value x
SLAEB ON GRADE LOSS = ‘
' 1.3

1.4 DHL

Total Design Heat Loss = Total Skin Loss + Air Infiltration +
Below Grade or Basement

DHL = (Sum of 1.1 + 1.2 + 1,3} =

DHL

209




—y

SOLAR SAVINGS FRACTION FORM (SSF)

PRELIMINARY DATA ENTRY

UA south (from DHL form)

AT (from DHL form) X

SOUTH WINDOW LOSSES

DHL, Design Heat Loss {from DHL form)

South Window Losses (from above) -

dhl (little DHL without socuth losses) =

dhl
Constant 24 pd 24
AT (from DHL form) <
BLC (building load coefficient) =
BLC
South Window Area (from House Dimensions
Take 0ff Form)
LCR (load collector ratio) =
LCR
Use LCR Value to find SSF Value from S5F Graph
of your Locale in the Appendix 2 - Read SSF of
your passive solar type and enter here
SOLAR SAVINGS FRACTION _
SSF
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) | THERMAL INTEGRITY FACTOR FORM (TIF)

PRELIMINARY DATA

TOTAL FLOOR AREA DHL 55F
DDy (degree days per year) AT
DHL DDY 24
Qzross L

DHL {(fromgdata above)

DDy (fromdata above) X
24 (constant) X 24
AT (from data above) -

GROSS ANNUAL HEAT LOSS =

GROSS

= MB G NHABITANTS 3
QINTERNAL NUMBER OF 1I ANTS x MILLION BTU

NUMBER OF INHARITANTS
3 MILLION (constant) X 3,000,000

INTERMAL HEAT GAIN =

QINTERNAL

WeT T “GRoss™ QINTERNAL
Ogrogs (from above)

UInTERyzy (frem above) -

NET ANNUAL HEATING REQUIREMENTS =

Q ¥ 88F NET

SOLAR ~ “NET

QNET (from above)

SSF (from data above) X

ANNUAL SOLAR CONTRIBUTIOCN

0 =0 _ SOLAR

AUXILIARY NET SOLAR

Q
QNET{from above)
Q

SOLAR {from above) -

TOTAL AUXILIARY HEAT REQUIRED

Q
AUXILIARY
AUXILIARY ) / ( DDY x FLOOR ARERA )}
QAUXILIARY (from above)
DDY {from data above) +
FLOOR AREA (from data above) *

THERMAL INTEGRITY FACTOR




T
APPENDIX 2

DAWES MLYA PAMA »—/_\'im .,
(HERAY . ""'
[ ] ~— CEDAR
‘ MO
ST 4
SHERIDAN 2 #OWN b RoCK 3
HOLF
T ANTHLGRE] PHRCE
. -
e— STARTON
1(nnuluﬂl_ MORRILL GRANT | wooefk | Twaomas | Biaine | LOUF | Gannicin]{whttsll— mapison I(U'"NG
— T S SOONET T
BiNNLE ARTHUR LOGAN FAULEY [GmetT
| PLATTE [(muidX
I . o YRR [T L | ,J
NMBLLL  CHEY Mg e | LNCOLN SHERMAN] HOWARD) roLX | QUTLER
__H L X B ] f_
PERKINS 9 DAWSON \ BUFFALG | Ml HAMILTON  TORN | grwakd
VR, peah R T~
CHASE FROMTHR SPEL PHiiH—Lu“n soams] sy lllunou SALINE
H
AYES '~
,U GAGE
DUNDY  [WITCHCOCK [HED wislow] susnas ! wEBSTER M KQULS| THATER |1iFFcason
HARLAK |anlU" i

NEBRASKA AREAS

213




APPENDIX 2

S 100%:
& -
E  75%1—
72 - o
2 som
£ 50%: >t
© — ~~-
/) ] i S _
8§ 2% ===z
Q Z
/) 1
0% [ I [ ! I L1 [
0 15 30 45 60 75
load collector ratio
DIRECT GAIN AREA 1 ——————— night insulation
no night insulation
& 100%; N
E  78%T—x]
g ] \ \\
,E 50%: \\‘\
§ s \ \\“--..___H
3 25%: \ hhhhh Bt
3 - B
0% 1 t t [N [ | ! I
0 15 30 45 60 75

214

load collector ratio
TROMBE WALL AREA 1




§ 100%—
8 a0
q& 75%__ \‘\
2] 7 N
@) ] N
% 50%_ \\ =~ <1
8 E \ HH"“H._____H“
Ea' 25%__ "‘"“\ = -;-:T""-..
0% [ i I | | o | { !
0 15 30 45 60

load collector ratio
WATER WALL AREA 1

------- night insulation

_S_ 100%:
o .
= 75% \\
5 .
E 50%: \\ = :
5 - T
§ 25% e i
3 .
0% [ [ [ [ | t | ] [ |
0 15 30 45 60 75
load collector ratio
GREENHOUSE AREA 1

no night insulation

215




APPENDIX 2

100%:3

i1

5% X

| L1
’

90% N

s
Ty
‘h‘
oy
]
-

e e
- —
S

25%

——
T
"-._

solar savings fraction

Lt d {11t

o
R

vl I ] ] 1

0 15 30 45 60 75
load collector ratio

DlRECT GAIN AREA 2 ——————— night insulation

no night insulation
100%:

i

75%1+——x

50%

OO I o O O
/ /]
/
/
£
/
7
J,l
[

""'h....
o
S

25%

solar savings fraction

Q
X

I |

15 30 45 60 75
load collector ratio

TROMBE WALL AREA 2

216

o




solar savings fraction

solar savings fraction

-

100%—
75%: \‘\\
50%: \\ \\\\M
S
0%_ ] ] f ] i | 1 | [
O 15 30 45 60 75
load collector ratio
WATER WALL AREA 2  ______. night insulation
. no night insulation
100%-
75%]
50%; \\ ....
25%: _‘\“L : __________
0%— | i [ [ ] i | | I
0) 15 30 45 60 75
load collector ratio
GREENHOUSE AREA 2




APPENDIX 2

5 100%:
S -
& 75%T——
2] — N
I B N
‘5 950%- <
o - k.
n N I u
g 25%: B e——
®. _
7)) -
0% 7 1 1 1 1
0 15 30 45 60 75
load collector ratio
DIRECT GAIN AREA 3 == ——~=night insulation
no night insulation
5 100%:
0 3
£ 75%—x
%) = AN
£ 50%——~
C>U E \ S~ L
n _ N e | N
-"_g' 25%: K\_& ____________
? 0%— ™7 - — T 1
0 15 30 45 60 75

load collector ratio
TROMBE WALL AREA 3

218




solar savings fraction

solar savings fraction

75%+—
50%: \ \\&‘\\
25%- = T
0E \\ .
0%_ | I R I I 1 | i I
0 15 30 45 60
load coflector ratio
WATER WALL AREA 3 . night insulation
no hight insulation
100%:
75% T
50%:
SN AN
25%; \EQ: __________
0%— | [ [ | i i | | | i
0 15 30 45 60
load collector ratio

[ N
o
&
&

P11

GREENHOUSE AREA 3




APPENDIX 2

& 100%-

£ -

&= 75%- X

)] — \

Ej : \'\\

'> 50%_ k‘\\

4y, = N

7p I I e S -

5§ 25%- R S—

Q _

/) -

0% 1 T 1 1 1 1
0 15 30 45 60 75
load collector ratio
DIRECT GA'N AREA 4 ——m———-night insulation
no night insulation

5 100%:

Q 1\

£ 75%—x

7] ] N

€ 50%—

5 0Ny L

/s 3 - S~

'% 25%: \\“jc-.ﬁ.__ _______

® 0%—‘ T 1 1 — T 1
0 15 30 45 60 75

load collector ratio
TROMBE WALL AREA 4

220




solar savings fraction

solar savings fraction

-

100%:—

75%——

50%; N B

5% N |~ S
=

0%_ | | i | ] [ { | [ |
O 15 30 45 &0

load collector ratio

WATER WALL AREA 4

100%:

75%-
1\

50%: AN
_ \ b ~d

25%: Q: __________

0%“ b [ ] | I ! | | ]

0 15 30 45 60

load collector ratio
GREENHOUSE AREA 4

night insulation
no night insulation

221




APPENDIX 2

S 100%

S -

E  75%T—%

o) - "~

S 50% BN

- I R S

@ 4 0 =l —

g 25%- — ==
Q Z

7y N

0% T 1 1 ™7 —
0 15 30 45 60 75
load collector ratio
DIRECT GAIN AREA 5 ——————— night insulation
no night insulation

5 100%7—;

I I

& 75%: [

5 = AN AN

.% 50%: \ \“\ .

%) ] s S
§ 25% T
o) _

N _

0% _— T 1 T 1
0 15 30 45 60 75

load collector ratio
TROMBE WALL AREA 5

222




S 100%3—
E 75%- B
NN
£ 50% >
S . ~—_
7] 7 N
5 25% \\______ ——
3 1 |
0% I i | | ! i I [ {
0 15 30 45 60 75
load collector ratio
WATER WALL AREA 5 ————— ~night insulation
no night insulation

5 100%
o -
E  75%1—X
N _ \"h.
(@) _] AN
£ 50%— NS
% 25%: \:‘:—:.. hhhhhhh
? 0%— | ] | ] ] { I i | |

0 15 30 45 60 75

load collector ratio
GREENHOUSE AREA 5

223

——




ﬁ

APPENDIX 2
S 100%-
9 -
E 75%—
7P = N
=IO B
£ 50% -
m ] ‘H‘\"H
/s ] T~ ——
g 29%- — ——=
Q _
/) ]
0% — 1 - T 1
0 15 30 45 60 75
load collector ratio
DIRECT GAIN AREA 6 —————— nigh? ins%llatic‘m.
§ 100%—
£ 75%—x
8) E \ \\
S 80%—~
[AY) . Ts~a
@ : \ B
@ 0%— T - T J— 1
0 15 30 45 60 75

load collector ratio
TROMBE WALL AREA 6

224




solar savings fraction

solar savings fraction

e S

load collector ratio

GREENHOUSE AREA 6

100%—
75%1——
50%- \\\\ S
25— e
O%Fd | i { | | I ! | | ]
0O 15 30 45 60 75
load collector ratio
WATER WALL AREA 6 —————— night insulation
' no night insulation
100%:-
75%1—X;
50%- \\<i:::
25%: B S =
O%A 1 T 1 1 1 1
0 15 30 45 60 75

225




APPENDIX 2

S 100%:

g -

E  75%- N

2] ] N

2 so%l >

£  50% .

(4o} - B

n N I et S

g8 %111 T
Q ]

/) .

0% I | i { I | | ! [
0 15 30 45 60 75
load collector ratio
DIRECT GAIN AREA 7 —————— night insulation
no night insutation

5 100%:

"g N

& 5% %

0 = N

(@) _ N

£ 50%—

) 7] =<

n _] \ H"""--...____.
| E 25%: \:f"‘ wwwww
3 .

0% I [ I ! ] ] I { ol
0 15 3830 45 80 75

load collector ratio
TROMBE WALL AREA 7

226




"S_ 100% \
3] i AN
E  75%
73] - \
2 = I BN
-c;U 50%: \ ‘\\\
Z m N | e
= 25%- ~J B Ty
© = T
? 0%— I | i ] i | | | | |
0 15 30 45 60 75
load collector ratio
WATER WALL AREA 7 ————— —night insulation
no night insulation
5 100%:
2 .
E 78% T
N _ N
@) _| “\\
"% 50%__ \\ A‘\.\
-E'g' 25%: \;‘:—-: _________
) ]
? O%— [ | [ | [ ] i i [ I
0 15 30 45 60 75
load collector ratio
GREENHOUSE AREA 7

i —




APPENDIX 2

_5 100%
S .
E  75%- :
(7)) — \
O R
= 50%- ~T
© n ~{_
N 1 | Te= -
8 25%- B
0 . —
(Vp) _
0% [ I | | | | ] | | !
0 15 30 45 60 75
load collector ratio
DIRECT GAIN AREA 8 ._._._'___nigm. nsulation
_5 100%7
¥ — 75%_ “\
) _ \\
S 50%
o 1N\
@ a \ T~
a 25%__ ~—~——_| s T
3 - T
0% | | | | ] | [ ] ] [
0 15 30 45 60 75

- load collector ratio
TROMBE WALL AREA 8

228




solar savings fraction

- —

& 100%7—
"g | ':- \\
£ 75%T——x
* 50%_ A \“\
% : \ \\"\
N - S
= 25%- \\ S —
R e
0%— | I I | i ] | P I |
0 15 30 45 60 75
load collector ratio
WATER WALL AREA 8 --———----night. insu..llation'
1009%-
75% T
. N
580%™
25% \--Q-q ___________
O%— 1 1 T 1 ]
0 15 30 45 60 75

load collector ratio

GREENHOUSE AREA 8




APPENDIX 2

5 100%
g -
R 75%_ \\
/) — RS
8 _ \\\
'> 50%_| L“"--.N
« n S~
7 = T~ -
5 25%T—— —
Q ]
7)) .
0% | ] } ] I | ] [ 1
0 15 30 45 60 75
load collector ratio
DIRECT GAIN AREA9 = _____ night insulation
no night insulation

§ 100%
£ 75% L
N ] AN
@) _ NG
"E 50% \\ \‘\.,\
4y _ T~
77) ] iy S
s 25% \\____:E’J‘*‘T_..
Ie) .
® 0%— 1 1 1 1 1

0 15 30 45 60 75

load collector ratio
TROMBE WALL AREA 9

230




-

§ 100%—
9 2N
E  75%- \*’K\
2] ] \
@) = \\~
S 50% \\ S~
) = s SN
g 25%- =
Qo _]
) ~.
0% bl I [ ] I o I ! [
0 15 30 45 60 75
load collector ratio
WATER WALL AREA 9 D ——— night insulation
no night insulation
5 100%-
[
E  75%
= 50?_—_ \l‘\
C>U 0: \\"‘\
w ] -“‘-h“""‘--—‘
5 25%: \\""‘r_f_ ~~~~~
3 ]
0% i | I | I I | { { |
0 15 30 45 60 75

load collector ratio

GREENHOUSE AREA 9




APPENDIX 2

5 100%-
S -
E  75%- N
72) — K
@) ] \\\
'% 50%_ = TN
© ~ TS~
» n ""-4-..______-_‘
& 25%- — ====j
8 3
0%_ ] ] [ | | I t i t
0 15 30 45 60 75
| load collector ratio
DlRECT GAINAREA 10 ————— -—night- inSL.jlation-
5 100%5—
© 4 N\
E  75%T—x
R
S N,
7 . e N
5 25% \\____:"“‘“-‘-“:-‘—‘::
e 7]
@ 0%— | I | | i 1 | [ ] !
0 15 30 45 60 75

load collector ratio
TROMBE WALL AKEA 10

232




solar savings fraction

solar savings fraction

b

GREENHOUSE AREA 10

100%71—
75%- \
50%- \\ RN
25%5 ‘S\-._____ “““““““
0%— | [ i [ | o | [ 1
0 15 30 45 60 75
load collector ratio
WATER WALL AREA 10 ——————— night insulation
no night insulation
100%: -
75% T
] N
50% \<
25%E \é‘::;;
0%— [ i [ ] I | | | i
0 15 30 45 60 75
load collector ratio

233




APPENDIX 2
S 100%-
£ -
E  75%—
2] ~ N
O . .
'S 50%_ <{_
© . S~
(7)) ] B i N
5 25%- B
O ]
n .
0% I | I | | I [ { I
0 15 30 45 60 75
_load collector ratio
DIRECT GAIN AREA 1 1 —————— night insulation
no night insulation
§ 100%T—
S el N\
& 75%: [
2] ] AN
) Z N
£ 50%: \\ ~L
© . ~ s
hn I O e S o
-E 25%: \\--.___ hhhhh
3 -
0% | 1 { | ] { 1 I | |
0 15 30 45 60 75

load collector ratio
TROMBE WALL AREA 11

234



|

i
|
;
|

|

§ 100%T—

15] ] \

E  75%——

N = \

(@) 7 N

£ 50%:- \\ By

© — S

m : M"‘““--.

5 25%7 e ]

© = T

3 ]

c 0% i [ [ i I | | i | [
0 15 30 45 60 75

load collector ra}tio

WATER WALL AREA 11

————— =night insulation
no night insulation

§ 100%-
9 1 .
=  75%:- AN -
72 = ™
o) N AN
£  50%: S <C
§ - \M‘M Lo
g 25%: R S
? 0%— ! I i ! | | | [ i [
0 15 30 45 60 75
load collector ratio

GREENHOUSE AREA 11

235




APPENDIX 3

NEBRASKA

MONTHLY AND ANNUAL HEATING DEGREE DAY NORMALS

STATION  JUL

AUG

Ainsworth 7
Atbion &
Alljance 11
Alma 0
Arthur 11

Ashland
Atkinson
Auburn
Beatrice
Beaver City

oo Qow

Benkelman 0
Big Springs O
Blair 0
Box Butte 7
Bridgeport 0O

Broken Bow 10
Burwell 10
Butte 5
Cambridge 0
Centr City O

Chadron 9
Clarkson 0
Clay Center 0
Columbus 0
Crescent L 10

Crete
Culbertson
Curtis
Pavid City
Ewing

oo Cco

Fairbury
Fairmont
Fatls City

f Robinson 1
Frankiin

OO0

Fremont
Geneva
Genoa
Gordon
Gothenburg

—
OoOwWwoQoo
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Lot I o Y oo e

v,

O~

D~~~ O

104
126

98
190
134

142
150
118
94
%0

165
107
77
90
161

73
102
91
85
128

82
60
183
68

76
81
102
184
98

JAN

1311
1376
1243
1206
1287

1336
1361
1234
1256
1187

1138
1209
1370
1296
1203

1305
1380
1386
1206
1299

1302
1370
1271
1327
1243

1280
1215
1225
1330
1392

1271
1293
1203
1265
1209

1321
1283
1321
1336
1234

1042
1002
1047
1075

974

100
34
29
30

21
4B
40
28
47

29
29
16
116
35

20
27
30
114
44



e e e o T N e . e e e e e T e B - o e e ey .

STATION JUL AUG
Grand Is 6 0
Halsey 7 5
Harrison 23 29
Hartington 0 11
Hastings ¢ 8
Hayes Cntr 7 11
Hay Springs 9 12
Hebreon 0 5
Holdrege 0 0
Imperial 0 0
Kearney 0 0
Kimball 7 N
Kingsley 0 O 7
Lexington O O
Lincoln 0 0
Lodgepole 0 6
Loup City 0 6
Madison 0 7
Madrid 0 O
McCook 0 O
Merriman 2 1M
Minden 0 0
Mitchell 5 14
Muilen 8 7
Norfolk 4 11
North Loup 0 8
N Platte 7 ]
Dakdale 8 13
Ogallala 0 7
Omaha Epp 0 6
Omaha North 7 10
0 Neill 6 9
Osceola 0 6
Oshkosh 0 1
Osmond 0 @9
Pawnee City O 0
Purdum 7 6
Ravenna 0O O
Red Cloud 0 8]
Saint Paul 6 7

124
119
104
100

86

145

93
186
135
123

117
141
135
131

71

99
136
92
129
118

48
121
94
75
105

1044 915
1047 958
1096 1082
1137 983
991 871

974 905
1050 1011
1000 856

958 849

946 884

1042
966
974
997

1039

936
946
899
899
884

938 893
1053 921
1098 93¢

960 890

913 815

1058 1001
972 B9
1002 970
1014 952
1151 998

1053
1033 952
1126 983
286 911
1036 B85

930

1106 942
1126 1004
1053 899
980 915
1145 989

930 769
1047 961
1014 893

@55 825
1039 902

45
104
69
4é
22

76
43
30
47
44

84
37
105
75
37

43
65
45
65
20

33
49
28
70
37

16
60
36
27
34
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STATION  JUL AUG SEP OCT NOV  DEC  JAN FEB MAR APR MAY JUN ANNUAL

Scottsbluff 0 8 160 459 864 1169 1243 994 952 564 280 91 6774
Seward 0 5 83 322 762 M41 1293 1014 862 398 160 23 6063

Sidney 0 7 153 454 B4&6 1113 1197 963 924 546 275 86 6564
Stanton 6 15 117 376 825 1225 1383 1103 946 456 189 36 6677
Stapleton 10 & 131 416 840 1166 1274 1030 955 522 233 65 6650
Syracuse 0 7 73 302 750 1135 1296 1011 843 380 145 19 5961
Tecumseh O v 77 309 738 1119 1271 9B3 825 386 153 22 5890
Tekamah 0 6 8 320 783 1181 1355 1078 908 417 175 24 6330
Valentine 8 10 154 470 912 1259 1383 1134 1048 576 273 73 7300
Wakefield 5 14 116 395 B46 1262 1426 1134 970 472 186 34 6860
Walthill 0 10 120 384 849 1249 1432 1142 964 467 185 41 6843
Wpng Water 5 &6 82 307 753 1147 1305 1019 856 393 158 25 46056
West Point 0 13 105 353 816 1218 1395 1112 Q42 444 172 32 6602
York 0 0 87 320 762 1138 1290 1011 874 416 160 24 6082
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m

INSULATING VALUES OF CONSTRUCTION MATERIALS

1.Conductivities (k), Conductances (C} and Resistance (R) of Building and
Insutating Materials

(The constants are expressed in Btu/hr-sq ft-°F. Conductivities are per
inch thickness, and Conductances are for thickness or construction
stated, but not per inch thickness. AlLL values are for a mean
temperature of 75 °F, except as noted by an (x) which have been reported

at 45 9F.)
Resistance1 (R)
Densiiy Conduc- Conduc- Per Inch Ffor Specific
(lb/ft~) tivity tance thick- thick—=  Heat,
(k) <) ness ness Btu/lb
Description (1/k) Listed (°F)

- —— e

BUILDING BOARD
Boards, Panels,Subflooring, Sheathing, Woodboard Panel Products

Asbestos-cement boardeseeuwo... 120 4.0 - .25 - 0.2&4
Asbestos-cement board..0.125". 120 —-— 33.00 ———— 0.03
Asbestos-cement board...0.25" 120 —— 16.50 -——- 0.06
Gypsum or plaster board.0.375'". S0 -— 3.10 -—— 0.32 0.26
Gypsum or plaster board...0.5". SO -— 2.22 —-—— 0.45
Gypsum or plaster bocard.0.625". 50 - 1.78 —— 0.56
Plywood (Douglas fird.eeeseunna-. 34 0.8 - 1.25 - 0.29
Plywood {Douglas fir)....0.25". 34 - 3.20 —— 0.31
Piywood (bouglas fir}...0.375". 34 — 2.13 - 0.47
PlLywood (Douglas fir).....0.5". 34 - 1.60 —— 0.62
Plywood (bouglas fir)...0.625". 34 -—- 1.29 — 0.77
Plywood or wood panels...0.75". 34 -—— 1.07 ———— 0.93 0.29

Vegetable fiber board
Sheathing, regular
density..caaan raaenes0.5", 18 - 0.76 - 1.32 0.3
seacssnsnnsnrannn=a0.78125", 18 ——— 0.4%9 ——— 2.06
Sheathing, inter-

mediate density.....0.5". 22 -—= 0.82 ——— 1.22 0.31
Nail-base sheathing....0.5". 25 — 0.88 - 1.14 0.31
Shingle backer.......0.375". 18 - 1.06 ——— 0.%94 0.31
Shingle backer...... 0.3125". 18 -— 1.28 —_—— 0.78
Sound deadening board..0.5". 15 -—- 0.74 -—— 1.35 0.30
Tite and lLay-in panels,

plain or acoustiCesass=sss 18 0.4 —-—— 2.50 - 0.14
st bvememmrannannen aaes3.5". 18 —-— 0.80 —_— 1.25
csbberaen ansesssesssnal.?5". 18 ——— 0.53 ——— 1.89
Laminated paperboard........ 30 0.5 —— 2.00 ———— 0.33
Homogenecus board from

repulped PAPelrecccesesess 30 0.5 —_—— 2.00 -—-- 0.28
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Resistance1 (R

e

Densigy Conduc- Conduc—- Per Inch For Specific
(lb/ft") tivity  tance thick= thick-  Heat,
(k) {9 ness ness Btu/lb
Pescription /x> Listed °F)
Hardboard
Medium densit¥ausesononnnmns 50 0.73 ———= 1.37 ———= 0.31
High density, service temp.
service underlay......... 55 0.82 —— 1.22 —— 0.32
High density, std. tempered. 63 1.00 —_— 1.00 —-——— 0.32
Particleboard
Low GENSitYevevaveansoncacnn 37 0.54 ——— 1.85 —-——= 0.31
Medium densit¥.eueasunuwunana 50 0.94 ———— 1.06 -— 0.31
High densityeaeaec.a cesnuwnn HZ2.5 1.18 ——— D.85 — 0.31
Underlayment.........0.625". 40 -— 1.22 — 0.82 0.29
Wood subfloor.e.eenaeanann 0.75". - 1.06 ——— 0.94 0.33
BUILDING MEMBRANE
Vapor--permeable felt.cciavses === -—- 16.7 ———— 0.06
Vapor-- seal, 2 lavers of
mopped 15-lb feltooooeanans . - -—- 8.35 ——— 0.12
Vapor--seal, plastic filmeassss =-=— -— ——— — Negl.
FINISH FLOORING MATERIALS
Carpet and fibrous pad.sscessces == ——— 0.48 ——— 2.08 0.34
Carpet and rubber padisessceses === -—= 0.81 ———— 1.23 0.33
Cork tileeriveveceonsnenal.125". —= —-— 3.60 —_—— 0.28 0.48
TerrazZ0.iesceancsnannnns enenal'y ~=- —-— 12.5 -—— 0.08 0.19
Tike-- asphalt, linoleum,
vinyl, rubber.cceeceseacasnas = -— 20.0 -—— 0.05 0.30
vinyl abestoS.eecseavanrucna 0.24
CEOraMiCeuusnsnnnnannana enna 0.19
Wood, hardwoocd finish....0.75". 1.47 0.68
INSULATING MATERIALS
BLANKET and BATT
Mineral fiber, fibrous from
processed from rock, slag,
or gtasg
approx.- 2=2.75"..... svesaves 0.3-2,0 - 0.143 ——— 7 0.17-0.23
approx.. 3=-3.5" . ieiscennunes 0.3-2.0 -—- 0.091 ———— 11
approx.- 3.,5-6.5"caiseiivenn.. 0.3-2.0 --—- 0.053 —~—— 19
approx.s 6=-7"..cucnnn sasasssse 0.3-2.0 0.045 22
approx.” 8.5 siiuianannensnene 0.3-2.0 0.033 30
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Res‘istance1 (R}

Densiiy Conduc- Conduc- Per Inch For Specific
{lb/ft") tivity  tance thick- thick-  Heat,
(k) (c) ness ness Btu/lb
Pescription (1/k> Listed (°F)
BOARD and SLABS
Cellular glasS.icusuoncnnvanans 8.5 (.38 - 2.63 ——— 0.24
Glass fiber, corganic bonded... 4-9 0.25 -— 4.00 —_—— 0.23
Expanded rubber (rigid).seccnec. 4.5 0.22 -— 4.55 —_—— 0.40
Expanded polystyrene extruded
Cut cell surfaceeeeeaceass 1.8 0.25 -— 4,00 —_—— 0.23
Expanded polystyrene extruded
Smooth skin surface........ 2.2 0.20 —— 5.00 -—— 0.29
Expanded polystrene extruded
Smocth skin surfaze........ 3.5 0.19 —-_— 5.26 ———
Expanded polyurethane
(R=11 eXPu)decevianensaennas 1.5 0.16 -—= 6.25 ——— 0.38
(thickness 1" or greater).. 2.5
Mineral fiber with resin
binder..cccviieiencnanasnnnas 15 0.29 -—= 3.45 —-_—— 0.17
Mineral fiberboard, wet felted
Core or rocf insulation.... 16-17 0.34 - 2.94 ———
Acoustical tilesiivnvennnna 18 0.35 ——— 2.86 ————— 0.19
Acoustical tilesvesnannnaes 21 0.37 —_— 2.70 —_——
Mineral fiberboard, wet molded
Acoustical tile” .. oevvsees 23 0.42 - 2.38 — 0.14
Wood or cane fiberbgard
Acoustical tile?,.0.5"cumne——- -——- 0.80 ———— 1.25 0.31
Acoustical tile?.0.75". ... ———- — 0.53 - 1.89
Interior finish(plank, tile)... 15 D.35 —-— 2.86 ——— 0.32
Wood shredded(cemented in
performed slabs).ec.uu.... . 22 .60 -— 1.67 —— 0.31
LOOSE FILL
Cellulosic insutation{milled
paper or wood pulp)..... 2.3-3.2 0.27-0.32 --- 3.13-3.7 ———— 0.33
Sawdust or shavingSaeesevaees 8-15 0.45 —-— 2.22 ——— 0.33
Wood fiber softwoods........ 2.0-3.5 0.30 -— 3.33 —— 0.33
Perlite, expanded..eeveunanas 5-8 0.37 —— 2.70 — 0.26
Mineral fiber(rock,
slag or_glass)
approx.S 3,75-5"...... een 0.6-2 -— -—- 11 0.17
approx.- 6.5-8,75"....... 0.6-2 ——= -—- 19
approx.2 7.5-10"cicnn.s .o 0.6-2 -— —— 22
approx.Z 10.25-13.75..... 0.6-2 - _— 30
Vermiculite, exfoliated...... 7-8.2 0.47 - 2.13 ——— 3.20
4-6 0.44 2.27 ———
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Resistance1 (R)
Densigy Conduc- Conduc- Per Inch For Specific
(Lb/ft-) tivity tance thick~ thick- Heat,
(k) () ness ness Btu/lb
Description (1/k) listed (°F)

A e A S S S D L S R e S N . P} o T T i ol 7 T T T iy S oty T

ROOF INSULATION6
Performed, for use above deck

pifferent roof insulations 0.72 1.39
are available in different to to
thicknesses to provide Zhe 0.12 8.33

design € values Llisted.
Consult individual manu-
factures for actual thick-
ness of their materiatl

MASONRY MATERIALS

CONCRETES
Cement mMOrtar.ssesceascuasonnas 116 5.0 — 0.20 —_—
Gypsum—fiber concrete 87.5%
gypsum, 12.5X% wood
ChipPSsevescsutvanncnannn ees 31 1.66 - 0.60 ——— 0.21
Lightweight aggregates 120 5.2 -— 0.1% —_——
including expanded shale, 100 3.6 - 0.28 -——
clay or slate; cinders; 80 2.5 —— 0.40 —-_—
pumice; vermiculite; also 60 1.7 - 0.59 —
cellular concretes 40 1.15 —— 0.86 —-——
20 0.90 - 1.1 ———
20 0.70 1.43
Perlite, expanded..cseesacanne. 40 0.93 1.08
30 0.71 1.41
20 0.50 2.00 0.32
Sand and gravel or stone
aggregate{oven dried)...... 140 2.00 -— 0.1 0.22
Sand and gravel or stone
aggregate(not dried).ecea.. 140 12.0 - 0.08
StUCCO unnsrunnenann R A T 5.00 - 0.20
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Resistance1 (R)

e et T Y yp——

Density Conduc- Conduc- Per Inch For Specific
(Lh/ft) tivity tance thick- thick- Heat,
(k) ) ness ness Btu/lb
bescription (1/k) listed (°F)
MASONRY UNITS
Brick, commgn'...... resmmamann 120 5.0 -— 0.20 -—-- 0.1¢
Brick, face'..... sesesnaaarsana 130 9.0 _— 0.11 ———
Clay tile, hollow:
1 cell deepaccncrarennna3", —- — 1.25 — 0.80 0.21
1 cell deepravseesnnnna ek, === -—- 0.90 — 1.1
2 cells deepPrvevscananndbd", === -— 0. 66 — 1.52
2 cells deePavsvannnese 8’y ——- -— 0.54 _—— 1.85
2 cells deepevesennaaa. 10", === - (.45 —_— 2.22
3 cells deepan..- B A -— 0.40 —— 2.50
Concrete blocks, .three oval
core:
Sand and gravel
aggregate . ..aeeennn N L -— 1.40 —_— d.71 0.22
........ reeenaaB'. =~ —— 0.90 ——— 1.1
..... B I -— 0.78 —— 1.28
Cinder aggregate........3". =--- —-— 1.16 —— 0.86 0.21
cerseened. —= -_— 0.90 ——— 1.1
. - Rt - D.58 ——— 1.72
ceamess 12" ——- -— 0.53 —— 1.89
Lightweight aggregate....... R -— 0.7% —— 1.27 D.21
(expanded shale,.ceec..&', —- - 0.67 —_—— 1.50
clay, slate orveeeee...8", ~— - 0.50 —— 2.00
slag; pumice).iivennna12". -——= — 0. 44 —_——— 2.27
Concrete gtocks, rectangular
core
Sand and gravel aagregate
2 core, 8" 36 b, uu.unn. -—- -— 0.96 ——— 1.04 0.22
Same with giLLed
COres”  sneecnnanmnnn -— -— 0.52 —— 1.93 0.22
Lightweight aggregate(exnanded
shale, clay, slate or
slag, pumice):
3 core, 6" 19 1b.%....... —- - 0. 61 —_ 1.65 0.21
Same with 16Lled
COPES " wnvsapannnens === — 0.33 ——— 2.99
2 core, B" 24 b7 .inua., —- —— D.46 ——— 2.18
Same with Iailed
COMBS  ~ iniennegasnnnn === —_— 0.20 —_— 5.03
3 core, 12" 38 lb.7...... —--- - 0.40 ——— 2.48
Same with {aLLed
COFBS " hewvnmnuna res ——— - 0.17 _— 5.82
Stone, Lime or SanNCG.ceeseeenns .- = 12.% ———— 0.08 —-—— 0.19
Gypsum partition tile:
3 x 12 x 30" solid...... e == -—- 0.79 ———— 1.26 0.19
3 x 12 x 30" 4-cell..... e = - 0.74 —— 1.35
4 x 12 x 30" 3=-cell..... ae == - 0.60 ———— 1.67
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Resistance) (R)
Density Conduc- Conduc- Per Inch For Specific
(lb/ft?) tivity tance thick- thick-  Heat,
(k) ) ness ness Btu/lb
bescription (1/k) Listed (°f)
PLASTERING MATERIALS
Cement plaster, sand aagregate. 116 5.0 —— 0.20 _— 0.20
Sand aggregate.....0.375"., --- -—- 13.3 i 0.88 0.20
Sand aggregate...... 0.75". —-—- -—- 6.66 m—— 0.15 0.20
Gypsum plaster:
Lightweight
aggregate........0.5". 45 -—- 312 -—=- 0.32
eennna0.625". 45 - 2.67 -——= 0.39
Lightweight agg. on metal
latheseveewnana0.75". ——- -—- 2.13 I 0.47
Perlite aggregate...... veue 45 1.5 — 0.67 ——— 0.32
Sand aggreqate..icenneeee. 105 5.6 ——— 0.18 — 0.20
Sand aggregate.......0.5". 105 —-—— 11.1 m—— 0.09
Sand aggregate..... 0.625". 105 S 9.10 —— 0.11
Sand aggregate on metal
latheseeennns N R e —-— 7.70 ——— 0.13
Vermiculite aggregate..... 45 1.7 —_— 0.59 —_—
ROOF ING
Asbestos-cement shingles....... 120 -—- L.76 ———— 0.21 0.24
Asphalt roll roofing..ceeveneaas 70 -—- 6.50 ———— 0.15 0.36
Asphalt shingles....... evesraene 0 -—- 2.27 ——— 0. 44 0.30
Build-up roofing..e.s...0.375". 70 -—- 3.00 ——== 0.33 0.35
Slate........ rrraraeennan 0.5", --- —— 20.0 ———- 0.05 0.30
Wood shingles, plain and
plastic film facedasiaswsess == -— 1.06 ——— 0.94 .31
SIDING MATERIALS(ON FLAT SURFACE)
Shingles
Asbestos-cement........... 120 -—- 4£.75 — 0.21
Wood, 16", 7.5 exposure... =--- - 1.15 -—-= .87 0.31
Wood, double, 16", 12"
EXPOSUr . ssansnnas == -—- 0.84 - 1.19 0.28
Wood, plus insul. backer
board,0.1325"..... .« = -— 0.71 ——— 1.40 Q.31
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Resistance1 (R)

Densi

Y

(lb/ ft”)

Pescription

Siding
Asbestos-cement ,0.25,
lapped.esesseancnes
Asphalt roll roofing......
Asphalt insultating siding
(0.5" bed)cnvenne-
Wood, drop, 1 x 8"..eeeeen
Wood, bevel 0.5 x 8",
lappediscccrvsnenn
Wood, bevel 0.75 x 10",
Lapped.esresnnmene
Wood, plywood, 0.375",
lappedecssnancannes
Wood, medium density
sidjqq, D.4375"...
Aluminum or steel ', over
sheathing
Hollow-batked..cuvreereann-
Insulating-board backed
nominal 0.375" ceincncrnnas
Insulating-board backed
nominat 0.375",
foil backed....uu.
Architectural glasS.reueseraans

WOOoDS
Maple, oak, and similar hard-
WoOdS e nn.n. rerssssasensas
Fir, pine, and similar soft-
WoOdS.aan.. shessemaeansans

IIIIIII..--.--.U.?S'II

aFEss s sAaSdEREEER -1.5“-

I----lcoool-.---3-5".

45

32
32

Conduc~-
tivity
(k)

1.10

0.80

-
—
e e e

Conduc~-
tance
(c

1.61

g.55

0.34
10.0

1.06
0.53
0.32
0.23

Per Inch
thick-
ness

e ]

0.67

0.91

1.25

e B st

—

0.94
1.89
3.12
4.35

Specific
Heat,
Btu/lb

- ——

.35
0.28

0.28
0.28
0.29

0.28

0.29

0.32

0.20

0.30

0.33
0.33
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NOTES:

1. Resistance values are the reciprocals of C before rounding off to two
decimal places.

2. Conductivity varies with fiber diameter.Insulation is produced by different
densities; therefore, there is a wide variation in thickness for the same R-
value among manufacturers, No effort should be made to relate any specific R-
value to any specific thickness.

3. Does not include paper backing and facing, if any.

4. Values are for aged board stock.

5. Insulating values of acoustical tile vary, depending on density of the
board and on type, size, and depth of perforations.
6. The U.S. Department of Commerce, Simplified Practice Recommendation for
Therma! Conductance Factors for Preformed Above-Deck Roof Insulation, No.
R257-55, recognizes the specifications of roof insulation on the basis of the
C-values shown. Roof insulation is made in thicknesses to meet these values,
7. Face brick and common brick do not always have these specific densities.
When density is different from that shown, there will be a change in thermal
conductivity,

8. Data on rectangular core concrete blocks differ from the above data on
oval core blocks, due to core configuration, different mean temperatures, and
possibly differences in unit weights. Weight data on the oval core blocks
tested are not available.

9. Weights of units approximately 7.625" high and 15.75" long. These weights
are given as a means of describing the blocks tested, but conductance values
are for 1 square foot of area.

10. Vermiculite, perlite, or mineral wool insulation. Where insulation is
used, vapor barries or other precautions must be considered to keep insulation
dry.

11. values for metal siding applied over flat surfaces vary widely, depending
on amount of ventilation of air space beneath the siding; whether air is
reflective or nonreflective; and on the thickness, type, and were obtained
from several guarded hotbox tests(ASTM €236) or calibrated hotbox(BSS 77) on
hollowbacked types and types made using backing-boards of wood fiber,foamed
plastic, and glass fiber. Departures of + or -50% or more from the values
given may occur,
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2. THERMAL CONDUCTIVITY (K) OF INDUSTRIAL INSULATION FOR MEAN TEMPERATURES
INDICATED
(Expressed in Btu/hr-sq ft=2F-in.)
Form, Material Accepted Typical Typical Conductivity (k) at
Composition Max Densit Mean Temp °F
Temp for (lb/ft7)
use, °F
=25 0 25 50 75 190 200 300
BLANKETS & FELTS
Mineral Fiber
Mineral fiber,
glass Blanket,
flexible, fine-
fiber 350 .65 0.25 0.26 3.28 0.30 D.33 0.36 0.53
arganic bonded 0.75 0.24 0.25 0.27 0.29 0.32 0.34 (.48
1.0 0.23 0.24 0.25 0.27 0.29 D.32 0.43
1.5 0.21 0.22 0.23 0.25 0.27 0.28 0.37
2.0 0.2 0.21 0.22 0.23 0.25 0.26 0.33
3.0 0.19 0.2 0.21 0.22 0.23 0.24 0.31
Blanket, flexible,
textile-fiber or-
ganic bonded 350 0.65 0.27 0.28 0.29 0.3 0.31 0.32 0.5 (.68
0.75 0.26 0.27 0.28 0.29 0.31 0.32 0.48 0.56
1.0 0.24 0.25 0.26 0.27 0.2%9 0.3%1 0.48 0.5
1.5 0.22 0.23 0.24 D.25 0.27 0.29 0.39 0.51
3.0 0.2 0.21 0.22 0.23 0.24 0.25 0.32 0.4
Felt, semirigid
organic bonded
Laminated &
felted Without
binder 400 3-8 0.24 0.25 0.26 0.27 0.35 0.44
850 3 0.19 0.2 0.21 0.22 0.23 0.24 0.35 0.55
Note: Other values include: -100F:0.16; -75F:0.17; -S0F:0.18
1200 7.5 0.35
Note: Other values include: 500F:0.45; 700F:0.6
Mean Temperatures: 25 50 75 100 200 300 500
{Rock, slag or
glass) Blanket
metal reinforced 1200 &-12 0.26 0.32 0.39 0.54
1000 2.5-6 0.24 0.31 0.40 0.61
Vegetable & Animal
Fiber
Hair felt or hair
felt plus jute 180 19 0.26 0.28 0.29 0.30
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Form, Material Accepted
Composition Max
Temp for
Use, °OF

o o o o Ll L e A = o S o .k . A . b o e S .l o B B B o s

BLOCKS, BOARDS,
PIPE INSULATION

Mean Temperatures:

Asbestos

Laminated asbestos
paper 700
Corrugated & Lamin-
ated asbestos paper:

b=aly 300
65-ply 300
8-ply 300
Molded Amosite %
Binder 1500
85% Magnesia 600
Calcium Silicate 1200
1800
Diatomaceous $ilical1600
1900
Cellular Glass 800

Typical
Densit
{lb/ft

30

11-13
15-17
18-20

15-18

11-12

11-13

12-15

21-22

23-25
9

)

50

Mean Temp

M
Typical Conductivity (k) at

Of

oo
£~ £ N
~ 0~

100 200 300 S00 700 900

0.40 0.45 0.5 0.6

0.57 0.48

0.57 0.59

0.49 0.57

0.32 0.37 0.42 0.52 0.62 0,72

0.35 0.38 0.42

0.38 0.41 0.44 0.52 0.62 0.72
0.63 Q.74 0.95
0.64 0.68 0,72
0.70 0.75 0.80

0.38 0.40 0.42 0,48 0.55

Note: other vatues include, ~50f:0.32; -25F:0.33; DF:0.35; 25F:0.36

Mzan Temperatures:

Mineral Fiber
Gtass, Organic donded,
block and boards 400

Note:other values include,-100F:0.16; -75F:0.17; -50F:0.18;

Nonpunking binder 1000

Pipe insulation,

slag or glass 350
500

Inorganic bonded-

block 1000
1800

Note:

Pipe insulation
slag or glass
Resin binder

1000

Note:
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3-10

3-10

3-4
3-10
10-15
15-24

10-15
15

0
0.

50 75

100 200 300 5Q0

0.20 0.22 0.24 0.25 0.26 0.33 0.4

-25F:0.19

0.26 0.31 0.38 0,52

I2
3

DCJ
W0
D
-P'-

.24
26

C:ID
-

[ N n

.3
3

N
CID

-3
3

~ 00
DD

»
¥“&“‘
[NV IRY) )
[an B
a .
L
SN IR

other values include, 700F:0.42; 900F:3.74

0.33 0.38 0.45 0.53

0.25 0.26 0.28 0.29

nther values include, -S0F:0.23; -25F:0.24
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Typical Typical Conductivity (k) at

Form, Material Accepted
Composition Max
Temp for
Use, O

-——-.—.—......------u--—-—-—-..—-_-.._--—.-..-._-._---—_--.-.-__-.--_—-.q...--—-—.—.—..._—-——_-.-——...-——-.-—_

Mean Temperatures
Rigid Polystyrens
Extruded, Refri-
gerant 12 exp 170

Note: other value

Extruded, Refri-
gerant 12 exp 170

Extruded

170

Note: other wvalue

Molded beads 1790
Polyurathane
Refrigerant 11 exp 210

Note: other value

Rubber, Rigid

Foamed

150

Note: other value

egetablie & Animal Fiber
Wool felt{pipe

insulation)}

180

Nate: other value

Densit
(Lh/ft)

3.5 0.16 0.16
includes, 100F:0.20

2.2 0,
1 0

16
.8 A7

0.16
0.18
includes, 100F:0.27
1 0.18 0.20
1.5-2.5 0.16 0.17

includes, 100F:0.17

4.5

inctudes, 100F:0.23

includes, 100F:0.33

Mean Temp °F

0.15 0.16 0.16

o Q

N =
90

0~
oo
L} L}

i —
-~

0.21 0.23 0.24

0.18 D.18 0.18

0.25

0.17

0.20

0.28

0.18

.19

0.24

0.26

0.16

0.21

0.30

b.19

0.28

0.16

0.22

0.31
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Form, Material Accepted Typical Typical Conductivity (k} at

Composition Max Densitg Mean Temp °F
Temp foq (Lb/ft™)
Use, °F
INSULATING
CEMENTS
Mean Temperatures 100 200 300 500 700 <900

Mineral Fiber
(Rock, slag, or glass)
With colloidal

clay binder 1800 24-30 0.49 0.55 0.61 0.73 0.85
With hydrautic
setting binder 1200 30-40 0.75 0.80 D.85 0.95
LOOSE FILL
Mean Temperatures =75 =50 -25 0 25 50 75 100

Callulose insulation
{milled pulverized

paper or wWood pulp) 2.5-3 0.26 0.27 0.29
Mineral fiber, slag,

rock or glass 2-5 0.19 0.21 0.23 0.25 0.26 0.28 0.31
Perlite(expanded) 5-8  0.27 0.29 0.30 0.32 0.34 0.35 0.37 0.3%

Note: other value includes, -100F:0.25

Vermiculite
{expanded) 7-8.2 0.39
-6 0.34

Notes:

1. These temperatures are generally accepted as maximum. When operating
temperature approaches these limits follow the manufacture's recommendations.
2. Values are for aged board stock. Note: Some polyurethane foams are formed
by means which produce a stable product{with respect to k), but most are
blown with refrigerant and will change with time.
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3. U VALUES OF SOLID WOOD DOORS
Btu per (hr x sq ft x CF)
Winter Summer

No Storm Door Storm Door2 No Storm Door
Thﬁ:kness1 Wood Metal
1 0.64 0.30 0.39 0.61
1.25" 0.55 0.28 0.34 0.53
1.5" 0.49 0.27 0.33 0.47
2" 0.43 0.24 0.24 D.42
Notes:

1. Nominal thickness.
2. Values for wood storm doors are for approximately 50X glass; for metal
storm door values apply for any percent of glass.
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4. U VALUES OF WINDOWS, SKYLIGHTS AND LIGHT-TRANSMITTING PARTITIONS

(These valuess are for heat transfer from air to air in
Btu/hr-sq ft-°F

PART A--Vertical Panels(Exterior Windows, Siiding Patio Doors, and Partitions)-
FlLat Glass, Glass Block, and Plastic Sheet

Exterior1
DPescription Winter Summer Interior
FLAT GLASS?
Single glass 1.10 1.04 0.73
Insulating gLass--doutzLe3
0.1875" air spaie 0.62 0.65 0.5
D.25" air spacg 0.58 0.461 0.49
0.5" air space 0.49 0.56 0.46
0.5" air space, low
emittance coating6
e= 0.20 0.32 0.38 0.32
e= 0,40 0.38 0.45 0.38
e= (.60 0.43 0.51 0.42
Insulating gLass——tripLe3
0.25" air spac$ 0.39 0.44 0.38
0.5" air space 0.31 0.39 0.30
Storm windows
1" to 4" air space® 0.50 0.50 0.46
PLASTIC SHEET
Single glazed
0.125" thick 1.06 0.98 ———=
0.25" thick 0.96 0.89 ———=
0.5" thick 0.81 0.76 ————
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Description

GLASS BLOCK

Exterior1
Winter Summer
PLASTIC SHEET {continued
Insulating unit--dozbte
0.25" air spacg 0.55 0.56
0.5" ajr space 0.43 0.45
6 x &6 x 4" thick 0.60 0.57
8 x 8 x 4" thick 0.56 0.54
-- with cavity divider 0.48 0.46
12 x 12 x &" thick 0.52 0.50
-— with cavity divider 0.44 0.42
12 x 12 x 2" thick 0.60

T — e i —

0.57
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PART B--Horizontal Panels(Skylights)--Flat GlLass, Glass Block, and

Plastic Domes

Description

A el e e e i ek it ek e e [ —

Exterior
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FLAT GLASS®
Single glass
Insulating glass——double
0.1875" air spaze
0.25" air spac§
0.5" air space
8.5" air space, low
emittance coating
e= 0.20
e= {J.40
e= 0.60
GLASS BLOCKS
11 x 11 x 3" thick with
cavity divider
12 x 12 x 4" thick with
cavit¥1divider
PLASTIC DOMES
Single-walled
Double-walled

3

b
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PART C-—Adjustment Factors for Various Window and sliding Patio Door Types
(Muttiply U Values in Parts A and B by These Factors)

Double
Single or Triple Storm

Description Glass Glass Windows
WINDOWS

ALL glass'? 1.00 1.00 1.00
Wood sash--80% glass 0.90 3.95 0.90
Wood sash--460% glass 0.80 0.85 0.80
Metal sash--80% glass 1.00 1.2013 1.2013
SLIDING PATIO DOORS

Wood frame 0.95 1.00 —-——
Metal frame 1.00 1.1013 —
Notes:

1. See Part { for adjustment for varies window and sliding patio doors types.

2. Emittance of uncooled glass surface = 0.84,

3. Double and tripte refer to the number of Llights of glass.

4., 0.125" glass

5. 0.25" glass

6. Coating on either glass surface facing air space; all other glass surfaces
uncoated.

7. Window design: 0.25" glass--0.125" gtass=--D.25" glass.

8. Dimensions are nominal.

Q. For heat flow up.

10. For heat flow down.

11, Based on area or opening, not total surface area.

12. Refers to windows with negligible opaque area.

3. Values will be Less than thes when metal sash and frame incorparate
thermal breaks. In some thermal break designs, U valuzs wll be equal to or
Less than those for the glass. Windows manufactures should be consulted
for specific data.
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5. RESISTANCE (R) VALUES OF AIR SURFACES

-------------------------------------------- Type of Surfaces———s——aemmaoa
Reflective Highly
Nonreflective AlLuminum Reflective
Position of Direction of Materials Coated Paper Foil
Surface Heat Flow Resistance(R) Resistance(R) Resistance(R)
STILL AIR
Horizontal Upward 0.461 1.10 1.32
45 degree slope Upward 0.62 1.14 1.37
Vertical Horizontal 0.468 1.35 1.70
45 degree slope . Down D.76 1.67 2.22
Horizontal Down 0.92 2.70 4.55
MOVING AIR
(any position)
15 mph wind *Any 0.17{winter) —_—— ———
7 1/2 mph wind Any 0.25(summer) ——— —-——=

254



M

6. RESISTANCE (R) VALUES OF AIR SPACE

Types of surfaces on Opposite Sides

e e LT Ppp— T T Ll . o

Aluminum Coated

8oth Surfaces Paper/Non- Foil/Non-
Position of air Direction Nonreflective Reflective Reflective

Space and of Heat Sea- Materials Material Material
Thickness{in.} Flow son  Resistance(R) Resistance(R) Resistance(R)

Horizontal 374 Uo W .87 1.71 2.23

3/4 S G6.76 1.63 2.26

4 W 0.94 1.99 2.73

} & S 0.80 1.87 2.75

45 degree 3/4 Up W 0.94 2.02 2.78

slope 34 S 0.81 1.90 2.81

4 W 0.96 2.13 3.00

4 _ S 0.82 1.98 3.00

Vartical /4 Hori- W 1.01 2.36 348

3/4 zontal S 0.84 2.10 3.2%

4 W 1.01 2.34 3.45

4 5 0.91 2.16 3.44

45 degree 3/4 Down W 1.02 2.40 3.57

slope 3/4 S N.84 2.09 3.24

4 W 1.08 2.75 4.4

4 S 0.%0 2.50 4,36

Harizontal 3/4 Down W 1.02 2.39 3.55

11/2 W 1.14 3.21 5.74

4 W 1.23 4.02 B.94

/4 S 0.84 2.08 3.25

1 1/2 S 0.53 2.76 5.24

4 S 0.99 3.38 8.03
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EMISSIVITY OF VARIQUS MATERIALS

Emissivity
Material Description Ratio Surface Condition
AL umimum 0.03 Polished
Aluminum(alloy 1100 0.09 Commericial sheet
heavily oxidized
Aluminum-coated paper 0.20 Polished
Aluminum foil .05 Bright
ALuminum sheet 0.12
Asbestos, board 0.96
Asbestos, insulation 0.93 "Paper"
Black surface, absolute 1.0
Brass:
red(85% Cu, 15% Zn) 0.030 Highly polished
yellow(65% Cu, 35% Zn) 0.033 Highly polished
Brick building 0.93
Building materials:
wood, paper, masonry,
nonmetallic paints 0.90
Cadmium 0.02
Carbon{(gas retort) 0.81
Chalk 0.34
Concrete 0.88
Concrete 0.97 Rough
Copper(electrolytic) 0.072 Commercial, shiny
Earth 0.41 bry, packed
Fireclay brick 0.75 At 1832 degree F
German silver{nickel silver) 0.135 Polished
Glass:
crown(soda-lime) 0.94 Smooth
regular 0.84 Smooth
Gotd 0.02 Highly polished
Graphite "Karbate" (impervious) 0.75
Gypsum 0.903 On a smooth plate
Ice (32 °p) 0.95
Iron:
cast D.435 Freshly turned
wrought 0.94 Dull, oxidized
Lead 0.28 Grey, oxidized
Limestone 0.36~0.90 At 145-380°F
Lime wash 0.91
Magnesium 0.55 Oxidized
Marble 0.931 Light grey,polished
Nickel 0.045 Electroplated,
polished
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EMISSIVITY OF VARIOUS MATERIALS

Emissivity

Material Description Ratio Surface Condition
Paints:
al uminum 0.50
aluminum lacquer 0.39 On rough plate
black lacquer 0.80
black shellac 0.91 "Matte" finish
ftat btack lacquer 0.96
oils 0.92-0.96 ALL colors
white enamel 0.9 On rough plate
white Lacquer 0.80
Papar 0.92 Pasted on tinned
plate
Plaster 0.91 Rough, white
Platinum 0.054 Polished
Parcelain 0.92 Glazed
Rubber:
vulcanized{soft) D.86 Rough
vulcanized(hard) 0.95 Glossy
Silver 0.02 Polished and at
440°F
Steel, galvanized 0.25 Bright
Steel (mild) 0.12 Cieaned
Tin 0.046 Bright and at
122°F
Tungsten 0.032 Filament at
80°F
Wood, white oak 0.90 Planed
Zinc:
cast 0.05 Polished
galvanizing 0.23 Fairly bright
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CONVERSION TABLES
1. Conversion Factors

e T ——

Multiply By To Obtain
acres 43,560 square feet
acres 0.004047 square kilometers
acres 4,047 square meters
acres 0.0015625 square miles
acres 4,840 square yards
acre-feet 43,560 cubic feet
acre-feet 1,233.5 cubic meters
acre-feet 1,61383 ¢ubic yards
angstroms 1x10° centimeters
angstroms 3.937x1077 inches
angstroms 0.0001 microns
barrels (petroleum,

U.S.> (bbl. 5.6146 cubic feet
barrels 35 gallons {imperial)
barrels 42 gallons (4Y.S5.)
barrels 158.98 Liters
barrels 5,800,000 Btu (energy)
board feet 0.0833 cubic feet
brick number of common 5.4 pounds
British thermat

unit (Btw) 251.99 calories, gram
Btu 777 .649 foot-pounds
Btu 0.00039275 horsepower~hours
Btu 1,054.35 joules
Btu 0.000292875 kilowatt-hours
Btu 1,054.35 . watt-seconds
Btu 0.55556 centigrade heat units
Btu/hr 4.2 cal/min
Btu/hr 777.65 ft-lb/hr
Btu/hr 0.0003927 horsepower
Btu/hr 0.000292875 kilowatts
Btu/hr 0.292875 watts (or joule/sec)
Btu/he 7.25x10™4 cal/gr
Btu/sg ft 0.271246 cal/sq em {or Llangleys)
Btu/sq ft 0.292875 watt-hr/sq ft
Btu/sq ft/hr 3.15x1075 kilowatts/sq meter
Btu/sq ft/hr 4.51x1073 cal/sq cm/min (or

Langleys/min)

Btu/sq ft/hr 2.15x10"4 watts/sq_cm
Btu/hr/sq ft/deg F 5.783x10% watts/cme/deg C
Btu/hr/sq ft (deg F/in) 1 chu/hr/sqg ft (deg C/in)
calories (cal) 0.003968 Btu
calories 3.08596 foot-pounds
calories 1.55857x10™% horsepower-hours
calories 4.184 joules (or watt-see)
calories 1.1622x10-6
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Multiply By To Cbtain
calories, food unit (Cal) 1,000 calories
cal/min 0.003968 Btu/min
cat/min 0.06973 watts
calbl/sq cm 3.68669 Btu/sq ft
cal/sg cm 1.0797 watt~-hr/sq ft
cal/sq cm/min 796,320 Btu/fsq ft/hr
candle power {(spherical) 12.566 Lumens
cantigrade heat units(chu) 1.8 Btu
centimeters {cm) 0.032808 feet
centimeters 0.03937 inches
centimeters 0.01 meters
centimeters 10.000 microns
cords 8 cord-feet
cords 128 (or 4x4x8) cubic feet
cubic centimeters 3.5314667 cubic feet
cubic centimeters 0.06102 cubic inches
cubic centimeters 1x10° cubic meters
cubic centimeters 0.001 Liters
cubic centimeters 0.0338 cunces (U,S5, fluid)
cubic feet (ft~) 0.02831685 cubic meters
cubic feet 7.4B05 gallons (U.S.,Liqg)
cubic feet 28.31685 Liters
cubic feet 29.922 quarts (U.S.,Lig)
cubic feet 0.037037 cubic yards
cubic feet of common brick 120 pounds
cubic feet of water

(60 deg F) 62.366 pounds of water
cubic feet/secong 448.83 gallons
cubic inches (in~) 16.387 cubic centimeters
cubic inches 0.0005787 tubic feet
cubic inches 0D.004329 gallons (U.S.,Llig)
cubic inches D.5541 ounces (U.S8.,fluid)
cubic meters 1x10 cubic centimeters
cubic meters 35.314667 cubic feet
cubic meters 264.172 galtons (U.S.,Liq)
cubic meters 1,000 Liters
cubic yard 27 cubic feet
cubic yard 0.76455 cubic meters
cubic yard 201.97 gallons (U.S.,liq)
cubic yards of sand 2,700 pounds
feet (ft) 3D0.48 centimeters
feet 12 inches
feet 0.0001893¢9 miles {(statute)

foot-candles
foot-pounds (ft-Lb)
foot-pounds
foot-pounds

foot-pounds

1
D.001285
0.324048

5.0505x10"7
3.76616x10"7

lumens/sqg ft

Btu

calories
horsepower-~hours
kilowatt-hours
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Multiply By To Obtain
furleng 220 vyards
gallons (U.S.,dry) 1.163647 gatlons (U.S,.,Liq)
gallons (U.S.,LliqQ) 3,785.4 cubic centimeters
gallons 0.13348 cubic feet
gallons 231 cubic inches
gallons 0.0037854 cubic meters
gallons 3.7854 liters
galtlons 8 pints (U.S.,Liq)
gallons 4 quarts (U.S.,liqg)
gallons of water 8,.3453 pounds of water at
60 deg F

grams (gr) 0.035274 cunces {(avdp.)
grams 0.002205 pounds (avdp.)
grams-centimeters 9.3011x1078 Btu
horsepower 42.4356 Btu/min
horsepower 2.546 Btu/hr
horsepower 33,000 ft Lb/min
horsepower 1.014 metric horsepower
horsepower-hours 2,546.14 Btu
horsepower-hours 0.7457 kilowatt-hours
horsepower, metric

(chevalvapours) 0.9863 horsepower
inches 2.54 centimeters
inches 0.83333 feet
joules 0.0009485 Btu
joules 0.73756 foot-pounds
joules 0.0002778 watt~hours
joules 1 watt-seconds
kile calories/gram 1,378.54 Btu/lb
kilograms 2.2046 pounds (avdp)
kilometers 1,000 meters
kilometers 0.62137 miles {(statute)
kilometer/hour S4.68 ft/min
kilowatts 56.90 Btu/min
kilowatts 3,414.43 Btu/hr
kilowatts 737.56 ft-1lb/sec
kilowatts 1.34102 horsepower
kilowatt hours 3,414 4 Btu
kilowatt hours 2.66x10 foot-pounds
kilowatt hours 1.34102 horsepower-hours
Langleys 1 cal/sqg ¢cm
Langleys 3.69 Btu/sq ft
langleys/minutes 0.00698 watts/sq cm
Liters 1,000 cubic centimeters
Liters 0.0353 cubic feet
Liters 0.2642 galleons (U.S.,Liq)
Liters 1.0567 guarts (U.5.,Liq)
Lumens 0.079577 candle power {(spherical)
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Multiply By To Obtain
Lumens(at 5,550 angstroms) 0.0014706 watts

meters 3.2808 feet

meters 29,37 inches

meters 1.0936 yards
micron 14,000 angstroms

micron 0.0001 centimeters
miles (statute) 5,280 feet
miles 1.60%93 kilometers
miles 1.760 vyards
milliliter 1 tubic centimeter
millimeter 0.1 centimeters
months (mean calendar) 730.1 hours
ounces {avdp) 0.0625 pounds {avdp)
ounces (U.S.,liq) 29.57 cubic centimeters
ounces 1.8047 cubic inches
cunces 0.0625 (or 1/16) pint (U.S,.,Liq)
pints (U.S.,liqg) 473.18 cubic centimeters
pints 28.875 cubic dinches
pints 0.5 guarts (U.S5.,liqg)
pounds {avdp) 0.45359 kilograms
pounds 14 cunces (avdp)
pounds of water 0.014602 cubic feet of water
pounds of water 0.1198 gallons (U.S.,Lig)
pounds of water evaporated
at 212 deg F 970.3 Btu

quarts (U.S.,lig) 0.25 gallons (U.S.,Llig)
quarts 0.9463 Liters

quarts 32 ounces (U.S.,Liq)
quarts 2 pints (U.S.,Liq)
radians 57.30 degrees

square centimeters 0.0010764 square feet

square centimeters 0.1550 square inches
square feet 2.295?x10"5 acres

square feet 0.09290 square meters
sguare inches 6.4516 square centimeters
square inches 0.006944% square feet

square kilometers 247 .1 acres

square kilometers 1.0764:(107 square Tfeet

square kilometers 0.3861 square miles
square meters 10.7639 square feet

square meters 1,196 square vards
square miles 640 acres

square miles 2.788x10°7 square feet

square miles 2.590 square kilometers
square vyards 9 {(or3x3?} square feet

square yards 0.83613 square meters
therms 1x10 Btu

tons (long) 1,016 kilograms
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Multiply By To Obtain
tons 2,240 pounds (avdp)
tons (metric) 1,000 kilograms
tons 2,204.6 pounds (avdp)
tons (short) 907.2 kilograms
tons 2,000 pounds (avdp)
tons 0.907185 metric tons

tons of refrigeration 12.000 Btu/hr
watts 3.4144 Btu/hr
watts 0.05691 Btu/min
watts 14,34 cal/min
watts 0.001341 horsepower
watts 1 joule/sec
watts/sq cm 3,172 Btu/sq ft/hr
watt-hours 34144 Btu
watt-hours 860.4 calories
watt—-hours 0.001341 horsepower~hours
yards 3 feet
yards 0.9144 meters

2. Fahrenheit~Centigrade Conversion Table

The numbers in the center column refer to the temperature in either
Fahrenheit or Centigrade degrees. If it is desired to convert from
Fahrenheit to Centigrade degrees, consider the center column as a table of
Fahrenheit temperatures and read the corresponding Centigrade temperature
in the column at the left, 1If it is desired to convert from Centigrade to
Fahrenheit degrees, consider the center column as a table of Centigrade
values, and read the corresponding Fahrenheit temperature on the right.

For conversions not covered in the table, the following formulas are

used:
F=1.8C + 32 C = (F-32)/1.8
Peg C Deg F Deg C Deg F

-46 =50 -58 =17.2 1 33.8
=40 =40 =40 -16.7 2 35.6
-34 =30 =22 -16.1 3 37.4
=29 =20 -4 -15.6 4 39.2
=23 -10 14 =-15.0 5 41.0
-17.8 §] 32- -14.4 6 42.8
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Deg F Deg C beg F
44,6 12.2 54 129.2
46 .. 4 12.8 55 131.0
48.2 13.3 56 132.8
50.0 13.9 57 134.6
51.8 14.4 58 136.4
53.%6 15.0 59 138.2
55.4 15.6 60 140.0
57.2 16.1 61 141.8
59.0 16.7 62 143.6
6G.8 17.2 63 145.4
62.6 17.8 &4 147.2
8 64.4 18.3 65 14%.0
-7.2 66.2 18.9 66 150.8
-6.7 658.0 19.4 67 152.6
-6.1 69.8 20.0 63 154.4
-5.6 71.6 20.6 &9 156.2
=5.0 73.4 21.1 70 158.0
-4 .4 75.2 21.7 71 159.8
-3.9 77.0 2e.2 72 161.6
-3.3 78.8 22.8 73 163.4
-2.8 80.6 23.3 Ta4 165.2
-2.2 82.4 23.9 75 167 .0
-1.7 84.2 2h. b4 76 168.8
1.1 86.0 25.0 77 170.6
-0.6 87.8 25.6 78 172.4
0- 89.6 26.1 79 174.2
0.6 91.4 26.7 a0 176.0
1.1 93.2 27.2 81 177 .8
1.7 95.0 27.8 82 179.6
2.2 96.8 28.3 83 181.4
2.7 98.6 28.9 B4 183.2
3.3 100.4 29.4 85 185.0
9 102.2 30.0 86 186.8
Lob 104.0 0.6 87 188.6
5.0 105.8 31.1 88 190.4
5.6 107.6 31.7 89 192.2
6.1 109.4 32.2 90 194.0
6.7 111.2 32.8 M 195.8
7.2 113.0 33.3 Q2 197.6
7.8 114.8 33.9 93 199.4
8.3 116.6 34.4 94 201.2
8.9 118.4 35.0 @5 203.0
G.4 120.2 35.6 96 204.8
10.0 122.0 36.1 97 206.6
10.6 123.8 36.7 98 208.4
11.1 125.6 7.2 o9 210.2
1.7 127 .4 37.8 100 212.0
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HEAT EQUIVALENTS OF FUELS AND OTHER ENERGY SOURCES

Material Heating value] Source? Heat Obtainable>
Solids (Btu/lb) (Btu/lb)
Anthracite coal 12,700-13,600 (1) 6,800-10,150
Bituminous coal 11,000-14,350 (1) 4,400-10,045
Subbituminous coal 9,000 1>
"Good Illinois”™ coal 8,500 2)
Lignite coal 6,900 (1)
Coke 11,000-12,000 (3)
Newspaper 8,500 (2}
Brown paper 7,670 (2)
Corrugated board 7,400 (21}
Food cartons 7,700 (2)
Putp trays 8,300 (2)
Waxed milk cartons 11,680 (2)
Plastic film 13,780 (2)
Polystyrene 15,730 (2)
Polyethylene 14,890 (2}
Typical urban refuse 5,000 (5)
Wood-general 8,000-10,000
-green (4) 3,000-4,600
-dry (4) 5,300-6,000
LIQUIDS Btu/gal Btu/gal
Distillate fuel oils
-Grade 1 132,900-137,000 1) 94,000
-Grade 2 137,000-141,800 1) 97,300
-Grade 4 143,100-148,100 1) 102,200
Residual fuel oils
-Grade 5L 146,800-150,000 (1)
~Grade 5H 149,500-152,000 (1)
-Grade 6 151,300-155,900 1)
Kerosene 133,000
Gascline 111,000
GASES (Btu/ftd) (Btu/ftd)
Natural gas 1,000-1,050 1) 780
Commercial propane 2,500 (1> 1,870
Commercial butane 3,200 (1 2,400
Propane-air or butane-air 500-1,800 1) 350- 1,250
Acetylene 1,500 3}
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GASES (Btu/ft) (Btu/ft)

Bio-gas 550

Methane 950-1,050

Manufactured gas (from coal) 450

OTHER SOURCES POTENTIAL MAXIMUM HEAT OBTAINABLE

Etectricity
-resistance heating 3,412 8tu kwh 3,413 Btu/kwh

Water/gravity
-per foot of heat 60 kwh/acre/ft 36 kwh/acre/ft

Wind” (per sq ft collector) 1.4 kwh/1,000 43 .8 kwh/1,000 ft3
-5mph avg -5 kwh/month
~10 mph avg 4.0 kwh/month
-15 mph avg 8.0 kwh/month

Sun4 {per sq ft collector) 432 Btu/hr 150 Btu/hr

(solar constant, outer atmosphere)
NOTES:

1. Heat of combusion or calorific values. The heat produced by complete
combustion of the specific fuel. This value alsc includes the Llatent
heat generated by the cendensation of the water vapor content of the
fuel.

2. Sources for the values found in column 2 are:

(1) ASHRAE ., Handbook of Fundamentals, 1972.

(2) MIT . Technology Review, February, 1972.

(3) Ram Bux Singh, Biogas Plant. Gobar Gas Research Station, India,
1971.

(4 Peter Allen. Firewood for Heat . Department of Resources and
Economic
bevelopment, New Hampshire. Bulletin # 17.

(5) Power Generation Alternatives. ity of Seattle, 1972.

3. Heat obtainable, or useful heat, is equal to the heat of combustion
minus heat losses due to incomplete combustion, waste flue gases, water
vapaor in fuels, equipment Llimitations, etc. These loses vary between
20% of the heat of combustion for a well-engineered gas or oil unit and
50% for a hand-fired, uncontrotled coal-burning unit,

4. Energy received from the sun and wind varies widely with time and
place. These figures are illustrative only.

SOURCE:

Bruce Anderson, Solar Energy: Fundamentals in Building Design
(Harrisville, N.H.: Total Environmental Action Press, 1977).
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